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This presentation describes the objectives and initial results of a Thermal 
Barrier Coating { TBC ) Life Prediction Model Development Program. The goals of 
this program, which is sponsored in part by NASA under the HOST (Hot Section 
Technology) Program, are to: 

o Identify and understand TBC failure modes 

o Generate quantitative TBC life data 

o Develop and verify a TBC life prediction model 

The coating being studied on this program is a two layer thermal barrier system 
incorporating a nominal ten mil outer layer of seven percent yttria partially 
stabilized zirconia plasma deposited over an inner layer of highly oxidation 
resistant low pressure plasma sprayed NiCoCrAlY bond coating. This coating 
currently is in flight service on turbine vane platforms in the JT-9D and 
PW2037 engines and is bill-of-material on turbine vane airfoils in the advanced 
PW4000 and IAE V2500 engines. 

Effort currently is in progress on the first task of this program, which 
involves the identification and understanding of TBC failure modes. Five modes 
of coating damage were considered in this study: 

o Thermomechanical ceramic failure 

o Oxidative bond coat failure 

o Hot corrosion 

o Foreign Object Damage ( FOD ) 

o Erosion 

An initial review of experimental and flight service components indicates that 
the predominant mode of TBC failure involves thermomechanical spallation of the 
ceramic coating layer. This ceramic spallation involves the formation of a 
dominant crack in the ceramic coating parallel to and closely adjacent to the 
metal -ceramic interface. 

Initial results from a laboratory test program designed to study the influence 
of various "driving forces" such as temperature, thermal cycle frequency, 
environment, coating thickness, etc. on ceramic coating spalling life appears 
to confirm the hypothesis initially proposed by Miller (Ref. 1). This hypo- 
thesis suggests that bond coat oxidation damage at the metal-ceramic interface 
contributes significantly to thermomechanical cracking in the ceramic layer. 

Low cycle rate furnace testing in air and in argon clearly shows a dramatic 
■increase of spalling life in the non-oxidizing environment. At lower 
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temperatures, on the order of 2000°F, elevated temperature pre-exposure of TBC 
specimens in air causes a proportionate reduction of cyclic thermal spalling 
life, whereas pre-exposure in argon does not. At higher temperatures, on the 
order of 2100°F, it appears that additional degradation mode(s) may be opera- 
tive. Future activity will be devoted to confirming this observation and to 
identification of additional TBC degradation mode(s). 

Ref. 1 R.A. Miller "An Oxidation Model for Thermal Barrier Coating 
Life", J. Am. Ceramic Soc. 67 8 517-521 (1984). 


HOST PROGRAM GOALS 


Identify/understand failure modes 


• Generate quantitative failure data 


• Develop and verify life prediction model 


Figure 1 . 


PWA 264 TWO LAYER THERMAL 
BARRIER COATING 



• Plasma Deposited Yttria 
Partially Stabilized Zirconia 

- Controlled Porosity, 
Microcracking 

• Incorporates Residual Stress 
Control 

- Cool Workpiece During 
Application 

• Low Pressure Chamber Spray 
Bond Coat 

- Oxidation Resistant MCrAlY 
Composition 
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Figure 2. 
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BOND COAT OXIDATION FAILURE 
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HOT CORROSION FAILURE OBSERVED ONLY AT HIGH SALT LEVEL (35 PPM) 

• Not observed to date in flight service 
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Not found so far on engine components 

• 21% Mg0-Zr02 combustors 
(20 YEARS EXPERIENCE) 

• 11 Y 2 O 3 - Zr02 TURBINE COMPONENTS 
(3 YEARS EXPERINECE) 
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Figure 8. 


PREDOMINANT ENGINE FAILURE MODE IS TIME/CYCLE DEPENDENT 



Figure 9. 
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EFFECTS WHICH MIGHT CONTRIBUTE TO EXPOSURE (TIME/TEMP. /CYCLING) DEPENDENT 

CERAMIC CRACKING 

• Subcp i t i cal Crack Prorogation 

• Exposure Dependent Ceramic Stress Increase 

- Physical alterations at interface (Miller Oxidation Model) 

- Interface thickness (scale) growth 

- Interface topology changes 

- Residual stress alteration (toward compression) 

- Ceramic "dimensional" changes e.g, sintering (probably 
goes toward tension) 

- Bond coat relaxation 

- Substrate relaxation/dimensional changes 

- Reduced ceramic "strain tolerance" (modulus increase) 

- Sintering 

- Phase instabilities (increased monclinic) 

• Exposure Dependent Ceramic Strength Decrease 

- Phase content/distribution 

- Solute distribution 

Figure 10. 

HOST PROGRAM APPROACH TASK 1 - ASSFSS PREDOMINANT FAILURE MECHANISMS 

• "Static" failure tests 

- Air 

- Argon 

• Clean fuel cyclic burner rig tests 

- Baseline coating (10 mils) 

- Vary thickness (5, 15 mils) 

- Pre-exposed specimens (air, argon) 

- Various temperatures, cycle rates, transients 

• Cyclic hot corrosion tests 

• Fractional exposure tests 

• Physical/mechanical properties 

- Bulk ceramic 

- Bulk metallic 


Figure 11 . 
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Log Time To Coating Failure 


COATING LIFE DEPENDENT ON TEMPERATURE ."CYCLIC CONTENT" 


v 



\ 


THC 

" ^uasintatic" 
Furnace Life . 


\ 


\ 


o 


Approximate 

Mc.‘tal 1 ic Coating Burner 
X Rig life 


\ 


\ 


\ 


\ 


\ 






TBC 

Burner Rig Life 


x J\ 

^ \ 

o' \ ^ 

\ ° \ 


TBC 1.1 fe 
High Cyclic 
Content 
Component 



a 

80 

Hour 

Cycle 

▲ 

10 

Hour 

Cycle 

• 

1 

Hour 

Cycle 

o 

0.1 

Hour 

Cyc 1 e 


Interface Temperature 


Figure 12. 
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Log Time To Coatring Failure 


THERMAL TRANSIENT REPUIRED TO "FAIL" COATING 
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Figure 13. 


18 




Log Time To Coating Failure 


THERMAL EXPOSURE ATMOSPHERE EFFECTS COAIING DURABILITY 
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Figure 14. 
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LOG TIME TO COATING FAILURE 


AIR PRE-EXPOSURE DEGRADES CYCLIC LIFE 



INTERFACE TEMPERATURE 


Figure 16. 
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LOG TIME TO COATING FAILURE 


INERT" PRE-EXPOSURE EFFECT, APPEARS TO BE TEMPERATURE DEPENDENT 



0 Burner rig life of coatings 

pre-exposed In ARGON for app- 
roximately one-half the anticip- 
ated burner rig hot life 




o 


This result currently being 
substant i ated 


INTERFACE TEMPERATURE 




Figure 17. 
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MICROSTRUCTURAL VARIATIONS FOR PRE-TEST THERMAL EXPOSURE ATMOSPHERES 



OF. POOR 


Figure 18. 






CERAMIC TII1CKTIESS AFFECTS DURABILITY 


^ Thin Ceramic (5 Mils) 

^ Thick Ceramic (15 Mils) 
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Figure 19. 


■SU MMARY 

• Predominant Failure Mode; Thermomechanical Ceramic Spallation Near Interface. 

• Coating Life Dependent On Temperature, "Cyclic Content". 

- Thermal transient required to spall coating 

t Long Time Thermal Exposure Atmosphere Affects Coating Durability. 

- Inert environment limits coating degradation 

- Pre-test inert exposure effect may be temperature dependent 

• Ceramic Thickness Affects Durability. 

- Thin coatings have increased life 

t Secondary Failure Mode; Thermochemical (Cyclic Hot Corrosion). 

- Generally not observed 

- Corrodent level threshold limit established in laboratory 

Figure 20. 
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KEY ISSUES Tfi RE ADDRESSED 

• Continued Microanalytical Interpretation Of Results. 

• "Progressive" Or "Single Event" Failure (Subcritical Crack Propagation). 

• Near Interface Stress Modeling Is Critical To Understanding And Prediction. 

Figure 21 . 
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